1. Introduction {#s0005}
===============

Methicillin-Resistant *Staphylococcus aureus* (MRSA) was described for the first time in England in 1961 ([@b0105]), soon after the introduction of methicillin in clinical practice ([@b0090]). In the beginning, this antibiotic was widely used, however, due to its toxicity, it is not commercialised nowadays for human use and was replaced by similar and more stable penicillins such as oxacillin. However, the term Methicillin-Resistant *S. aureus* is still used ([@b0140]).

*S. aureus* is frequently associated with skin infections, pneumonia, surgery wounds, bacteraemia, osteomyelitis and endocarditis, being considered one of the most important pathogens of the human being, both at the community level and at nosocomial infections ([@b0215], [@b0020]).

This bacteria colonizes the commensal flora in several regions of the human body (nasal cavities, throat, intestines and skin), but the nasal epithelium is the major colonization spot, whose prevalence reaches, in average, 20--40% of adult population ([@b0230], [@b0140]).

Due to the widely empirical prescription of antibiotics, bacteria acquire several antibiotic resistances through diverse genetic mechanisms. *S. aureus*, specially its MRSA strain, acquires resistance to antibiotics, not only to β-lactams such as penicillin and its derivatives, methicillin/oxacillin, carbapenems and cephalosporins, but also to other classes like macrolides and tetracyclines, that makes it a multi-resistant strain. Nowadays, MRSA strains are endemic in several health units all over the world and, consequently, have become an important focus of global efforts of infection control. Due to the limited treatment options, these strains have become the biggest cause of nosocomial infections worldwide with high morbidity and mortality rates ([@b0215], [@b0180], [@b0015]).

Some clones of *S. aureus* evolved to MRSA by acquiring, through horizontal genetic transfer, the staphylococcal chromosomic cassette *mec* (SCCmec), a mobile genetic element that includes the *mecA* or *mecC* genes that confers resistance to most β-lactam antibiotics, including methicillin ([@b0080], [@b0220], [@b0145], [@b0160], [@b0045]). In fact, MRSA has a remarkable capacity to acquire resistance to any antibiotic, not only to the β-lactams, that leads to important implications to the present and future options of treatment of infections by this pathogen ([@b0035], [@b0140]).

The pathogenicity of *S. aureus* is related with a big number of virulence factors, that allow adhesion to surfaces, invasion or avoidance of the immune system and cause toxic effects in the host ([@b0215], [@b0020]). Among the most important virulence factors are adhesins and exoproteins, such as exotoxins and enzymes (nucleases, proteases, lipases, hyaluronidases and collagenases) ([@b0020], [@b0155], [@b0025]).

According with the European Centre for Disease Prevention and Control (ECDC) and its annual report of the Priority Program of Infections and Resistances to Antimicrobials, although the percentage of MRSA is decreasing in Portugal, with 47.4, 46.8, 43.6 e 39.2% in the years 2014, 2015, 2016 and 2017 respectively, Portugal is considered one of the countries with the highest MRSA percentage in Europe ([@b0070]).

Although the risk of infection in dental clinics is lower than in hospitals ([@b0185], [@b0200]), *S. aureus* strains are still responsible for a lot of pathologies at oral and perioral level such as: angular cheilitis; oral ulcers; failure of treatment with implants; prosthetic stomatitis; facial abscesses; xerostomia; osteomyelitis of the jaws among others, in addition to generalized infections discussed before, making it a public health problem ([@b0225], [@b0115], [@b0150], [@b0125], [@b0135]). The risk factors associated with MRSA infections described in the literature include host advanced age, prolonged hospitalization, previous antibiotic therapy, severe illness, surgical procedures, among others ([@b0005], [@b0100]).

Aerosols contribute as a route of direct or surface contamination, leading to the increase of these strains during patient attendance in dentistry and consequently to a higher probability of cross infection ([@b0010], [@b0085], [@b0120]). Surfaces in clinics, as well as the attending uniform and the hands of the dental doctor can be MRSA reservoirs. Aiming to control and reduce infection standard measures are suggested including: disinfection of hands before and after patient attendance; use of gloves, mask, cap, glasses and work uniform ([@b0240], [@b0075]); single use protectors for the light, head board, instrument table, exhauster and also surface disinfection with 77--81% alcohol ([@b0185]). Moreover, literature points to measures such as: mouthwash with 0.12% CHX or 0.05% cetylpyridinium chloride before dental procedures ([@b0120]); implementation of surgical exhausters that collect a big volume of aerosols ([@b0120]) and air cleaning systems ([@b0085]).

The goal of this study was to analyse the presence of Methicillin-Resistant (MRSA) and Methicillin-Sensitive (MSSA) *Staphylococcus aureus* strains in several surfaces of dental medicine equipment and in different attendance areas.

2. Materials and methods {#s0010}
========================

2.1. Sampling {#s0015}
-------------

For 5 weeks 354 samples were collected from six dental equipment surfaces of the Dental Pedagogical Clinics of Health Sciences Faculty in Fernando Pessoa University, with swipes *Copon Liquid Amies Elution eSwab Collection and Preservation System*®. Sample collection was performed by an indirect method based on the use of commercial swabs immersed on transport culture medium. The collection of samples was performed by 4 operators that were previously instructed concerning the methodology used and covered area of each surface. After collection, samples were immediately transported to the laboratory for further processing. Per week, 12 samples were collected, in different schedules and attendance areas per day, from 6 pre-determined surfaces of each dental medicine equipment. The equipment surfaces were chosen due to their frequent interaction with the patient or the dental doctor, being the most likely surfaces to accumulate bacteria. Sampling was performed before and after attendance of one patient. Selected attendance clinical areas were: Integrated Clinic with 144 collected samples (41% of total sampling); Prosthodontic Clinic with 66 collected samples (19% of total sampling); Periodontics Clinic with 54 collected samples (15% of total sampling); Surgery Clinic with 54 samples (15% of total sampling); Odontopediatric Clinic \*with 24 samples (7% of total sampling) and Special Patients Clinic with 12 samples (3% of total sampling). Differences in the number of samples collected per clinical areas result from the number of patients available in each analysed area during the period of sampling. Analysed surfaces are depicted in [Fig. 1](#f0005){ref-type="fig"}.Fig. 1Image of the 6 analysed surfaces of dental medicine equipment: A-light; B- dental spittoon; C-table; D-head board; E-chair arm rest; F-air/water syringe.

Of the 354 samples only 300 correspond to observation prior to (150 samples) and after patient attendance (150 samples). In some cases, it was not possible to obtain the prior or the after for every attendance area. Those 54 samples are used in further analysis where pairwise analysis is not mandatory.

After collection, samples were cultured in biplates of selective chromogenic medium -- chrmID®MRSA/chromID *S. aureus*- following manufacturer instructions (Biomérieux).

It is a fast detection method, being considered positive the growth of any green colony, indicative of MRSA or MSSA in accordance with the side of the plate where the colony grew ([@b0245], [@b0055]). The plates were incubated at 37 °C for 48 h.

The presence of MRSA strains was confirmed by PCR, through the detection of the *mecA* gene, considered the *gold standard* by literature ([@b0055], [@b0235], [@b0050], [@b0205], [@b0040]). Strains that were negative for the presence of the *mecA* gene, were further analysed for the presence of the *nuc* gene, that allows the identification of MSSA ([@b0040]).

Identification of the *mecA* or *nuc* genes was performed in accordance with [@b0125]. PCR products were analysed by electrophoresis in 1% agarose gel.

2.2. Statistical analysis {#s0020}
-------------------------

Statistical analysis of the results was performed using the IBM SPSS Statistics vs.25.0 software (IBM Corp. Released 2017, Armonk, NY: IBM Corp.). Counts and percentages were used to describe all qualitative variables. Pairwise comparison of before-after patient attendance positive sample' collection was performed using the McNemar test. Comparison of positive MRSA or MSSA samples after clinical attendance per clinical attendance clinic (due to low counts, analysis per clinical attendance clinic were performed excluding the Odontopediatric Clinic and the Special Patients Clinic) or per dental medicine equipment surface were performed with chi-square tests with Bonferroni correction. All comparisons were performed using a 5% level of significance.

3. Results {#s0025}
==========

3.1. Quantitative analysis of MRSA and MSSA results {#s0030}
---------------------------------------------------

From the 354 collected samples (100%), 197 were non-contaminated (negative for MRSA and MSSA) samples (55.6%) and 157 are contaminated samples. From the contaminated samples, 62 were MRSA positive corresponding to 17.5% of total sampling and 139 were MSSA positive corresponding to 39.3% of total sampling. It is important to mention that samples can be positive for both MRSA and MSSA. In this way, 44 samples are positive for both strains and are counted individually for each strain.

### 3.1.1. Analysis of positive results observed before and after patient attendance {#s0035}

From a strictly before-after patient consultation comparison it was possible to conclude that a significantly higher percentage of MRSA (McNemar test, p = 0.010) and MSSA (McNemar test, p \< 0.001) was observed after patient attendance ([Table 1](#t0005){ref-type="table"}) with 24.7% of MRSA and 53.3% MSSA positive samples.Table 1Number of samples and percentage of negative and positive MRSA and MSSA in equipment surface before and after clinical patient attendance.Cleaning state of the equipmentBefore clinical attendanceAfter clinical attendancep[\*](#tblfn1){ref-type="table-fn"}n (%)n (%)MRSANegative130ª (86.7)113^b^ (75.3)0.010Positive20^b^ (13.3)37^a^ (24.7)  MSSANegative110^a^ (73.3)70^b^ (46.7)\<0.001Positive40^b^ (26.7)80^a^ (53.3)[^1][^2]

### 3.1.2. Quantitative analysis of colonies {#s0040}

In order to evaluate the presence of MRSA and MSSA, it is important to analyse positive results in a quantitative perspective of number of colonies present. In this analysis, samples were distributed as shown in [Fig. 2](#f0010){ref-type="fig"} and [Table 2](#t0010){ref-type="table"}.Fig. 2Example plates with MRSA and MSSA colonies. (A) \<5 colonies; (B) 5 to 15 colonies; (C) \>15 colonies.Table 2Analysis of number and percentage of positive MRSA and MSSA colonies obtained in samples collected after clinical patient attendance.MRSAMSSAn (%)n (%)\<5 colonies37 (90)75 (84)5 to 15 colonies1 (2)7 (8)\>15 colonies3 (7)7 (8)Total41 (11.6)89 (25.1)

From the MRSA positive samples collected after clinical patient attendance (11.6%), it was observed that 90% corresponded to plates with \< 5 colonies and from MSSA positive samples (25.1%), 84% were plates with \< 5 colonies ([Table 2](#t0010){ref-type="table"}). This data clearly shows a low level of contamination.

3.2. Analysis of results obtained in different clinical attendance areas {#s0045}
------------------------------------------------------------------------

Concerning MRSA positive samples ([Table 3](#t0015){ref-type="table"}), significant differences were observed among clinical attendance areas (Chi^2^-test, p = 0.038). The Integrated Clinic represented the attendance area with highest percentage of MRSA positive samples (41.7%), being significantly higher than the other attendance areas.Table 3Number of samples and percentage of negative and positive MRSA and MSSA per clinical attendance area after clinical patient attendance.NegativePositiveAttendance arean (%)n (%)**MRSA**Integrated Clinic69^a^ (57.5)15^a^ (**41.7)**Prosthodontic Clinic15^b^ (12.5)9^b^ (25.0)Periodontics Clinic15^b^ (12.5)9^b^ (25.0)Surgery Clinic21^a^ (17.5)3^c^ (8.3)Odontopediatric Clinic[\*](#tblfn2){ref-type="table-fn"}111Special Patients Clinic[\*](#tblfn2){ref-type="table-fn"}75  ***Samples under comparison***\
Total of samples120 (100.0)\
13836 (100.0)\
42**MSSA**Integrated Clinic41^a^ (56.9)43^a^ (**51.2)**Prosthodontic Clinic5^b^ (6.9)19^b^ (22.6)Periodontics Clinic12^a^ (16.7)12^b^ (14.3)Surgery Clinic14^a^ (19.4)10^b^ (11.9)Odontopediatric Clinic[\*](#tblfn2){ref-type="table-fn"}111Special Patients Clinic[\*](#tblfn2){ref-type="table-fn"}57  ***Samples under comparison***\
Total of samples72 (100.0)\
8884 (100.0)\
92[^3][^4][^5]

Regarding MSSA positive samples ([Table 3](#t0015){ref-type="table"}) detected per clinical attendance area, significant differences were observed between those areas (Chi^2^-test, p = 0.002). Once again, the Integrated Clinic represented the attendance area with the significantly highest percentage of MSSA positive samples (51.2%), being significantly higher than the others.

3.3. Analysis of results obtained per surface of dental medicine equipment {#s0050}
--------------------------------------------------------------------------

MRSA positive samples collected on equipment surfaces, were distributed as portrayed in [Table 4](#t0020){ref-type="table"}. Significant differences (Chi^2^-test, p = 0.002) were detected between analysed surfaces. The chair arm rest (29.7%), the head board (27.0%) and the dental spittoon (24.3%) were the surfaces with higher % of MRSA positive samples, and were not significantly different from each other. The second highest surface was the air/water syringe (8.1%) and the lowest counts were detected on the light and table (5.4% each).Table 4Number of samples and percentage of negative and positive MRSA and MSSA per surface of dental medicine equipment after clinical patient attendance.Equipment surfaceMRSA+MSSA+Light2^c^ (5.4%)13^a^ (**15.3%**)Dental spittoon9^a^**(24.3%)**20^a^**(23.5%)**Table2^c^ (5.4%)4^b^ (4.7%)Head board10^a^ (**27.0%**)18^a^ (**21.2%**)Chair arm rest11^a^ (**29.7%**)17^a^ (**20.0%**)Air/water syringe3^b^ (8.1%)13^a^ (**15.3%**)Total of samples37 (100%)85 (100%)[^6][^7]

Concerning MSSA positive samples, significant differences (Chi^2^-test, p \< 0.001) were also detected between analysed surfaces. The dental spittoon (with 23.5%) was the equipment surface with the highest percentage of MSSA positive samples, and did not differ significantly from the head board, the chair arm rest, the light or the air/water syringe. The table was the surface with the lowest percentage (4.7%) of MSSA positive samples.

4. Discussion {#s0055}
=============

From the total of collected samples (354), the percentage of MRSA positive samples was 17.5% and of MSSA was 39.3%. MRSA and MSSA negative samples corresponded to 55.6% of total sampling. Similar results were obtained in the work of [@b0075] where a MRSA contamination percentage of 11% was observed. This study did not analyse the presence of MSSA.

Before patient attendance, it was observed a MRSA contamination of 13.3% and 26.7% for MSSA. Samples collected after attendance showed an increase in contamination by MRSA (24.7%) and by MSSA (53.3%). These results confirm a significant increase of samples contaminated by MSSA or MRSA after patient attendance, that is in accordance with other published studies ([@b0240], [@b0195], [@b0075], [@b0120]). Study of [@b0165] analysed six dental clinic surfaces, before, during and after patient attendance and detected a rise in MSSA contamination levels during attendance. However, only 2% of collected samples were positive for MRSA ([@b0165]). This difference in MRSA results could be explained by the size of the tested sample. The study of [@b0165] has a small sampling size, with a total of 10 samples collected per equipment surface.

Although not performed in our study, some researchers still analysed the presence of these strains on surfaces over time and observed a drastic decrease of contamination in the 15 min after exposure to the environment and without cleaning. These studies observed a decrease of 90% in contamination level ([@b0195]), probably because environmental conditions were not adequate for bacterial survival. [@b0195] also observed higher bacterial survival rates in non-artificial surfaces such as textiles and low survival in artificial materials such as plastic containers and bottles. However, these strains could still be detected, with 1% of survival rate, for a period of 4 months in strips of upholstery of dental chairs inoculated with MRSA ([@b0195]). [@b0165] detected a lower degree of contamination by these strains 1 h after attendance when compared with during the attending period.

Through the quantitative analysis of colonies present on culture medium, 90% of MRSA plates and 84% of MSSA plates had\<5 colonies. This shows a low level of contamination. These results are in accordance with other studies that detected most MRSA contamination with less than 10 colonies ([@b0195]) and less than five colonies per culture medium ([@b0060]). These studies do not mention results for the MSSA strain.

Integrated Clinic was the clinical attendance area with highest percentage of MRSA and MSSA positive samples with 41.7 and 51.2% respectively, which can be explained by the diversity of treatment types performed in this attendance.

The statistical analysis revealed significant differences between attendance areas. [@b0075] considered the oral surgery department the most relevant concerning MRSA detection while [@b0210] referred the existence of MRSA positive samples in a dental care unit in Japan and [@b0190] referred a dental emergency unit in Brazil and an oral surgery unit in London ([@b0210], [@b0190], [@b0075]). [@b0110] pointed as attendance areas with higher prevalence of MRSA the Prosthodontic (2.3%), the Periodontology (1.9%), the Dentistry (1.8%) and the Oral Surgery (0.98%) departments, being the Endodontic department the one having lowest contamination (0.60%). In the study of [@b0165], the Pediatric department was the most contaminated clinical area.

Concerning the analysed equipment surface with highest contamination, chair arm rest was the most MRSA contaminated surface (29.7%). This surface did not show significant differences when compared with the dental spittoon (24.3%) and the head board (27%). Concerning MSSA, the dental spittoon corresponded to the clinical surface with highest percentage of positive samples (23.5%). It did also not show significant differences when compared with the chair arm rest (20%) and the head board (21.2%). These equipment surfaces have direct contact with the patient and direct skin, hand and finger contact is known to be the most common route for *S. aureus* transmission ([@b0170], [@b0030]). Observed results may indicate that patients are possible carriers of these strains, contributing to cross contamination in the dental clinic.

The table, light and air/water syringe showed the lowest percentages of contamination by the two strains. Published data varies in accordance with the analysed surfaces. In the study of [@b0095] no MRSA positive samples were detected, however these researchers observed MSSA in the chair and in samples collected from the air and floor. [@b0240] stated as the most contaminated surfaces the floor, the head board, the light and also the working uniform. [@b0130] observed positive samples in the chair arm rest and the air/water syringe. Moreover, [@b0165] revealed a higher MSSA contamination in the attendance chair buttons, in the light and in the air/water syringe during clinical procedures. [@b0175] state as MRSA positive results the table and the storage room in a Pediatric clinic. On the other hand, [@b0210] found in 4 of 7 analysed clinics MRSA positive samples in the chair, floor and air/water syringe. [@b0200] found positive samples in the air pressure system, chair, light, in the air/water syringe and in air samples. In the study of [@b0110], in accordance with the analysed surfaces, the dentist chair, the rotating working equipment and the dental spittoon revealed the highest contamination by MSSA with 8%, 7.1% and 6.2%, respectively. For the MRSA positive samples, the same study revealed that the attendance chair and the dental spittoon were the most contaminated surfaces, both with 8.82%. On the other hand, the equipment light (with 2.9%) represented the least contaminated surface. A recent study of [@b0075] obtained similar results, observing highest positive samples in paper medical registrations of the patient, followed by the chair arm rest, dental spittoon and head board. The light and table correspond to the two lowest contaminated surfaces ([@b0075]).

The main limitation found in the methodology used in this study was the number of collected samples that should be similar in the different attendance areas analysed.

5. Conclusion {#s0060}
=============

It is well known that the dental practice is associated with a high risk of exposure of the patient and the healthcare workers, to several bacteria.

The present results suggest that the different clinical attendance areas, as well as the equipment surfaces, may be reservoirs for the transmission of these strains and that the use of individual and surface protection as well as the protocols of disinfection after each attendance period, are very important to minimize the risk of cross infection in the dental clinic.

Integrated Clinic was the clinical attendance area with highest contamination by MRSA or MSSA.

The three most contaminated surfaces by MRSA and MSSA (dental spittoon, the head board and the chair arm rest) represent the three surfaces with direct contact with the patient.

Further studies are needed for the analysis of more surfaces in dental clinics, as well as aerosol collection and the identification of the reservoir of MRSA and MSSA strains, by performing sample collection from the nose and skin of patients and health professionals. Furthermore, the analysis of working uniforms could also be performed to elucidate the possible role of the dental doctor as a carrier of bacterial strains. Moreover, it would be also interesting to test the presence of these bacterial strains overtime, after patient attendance.
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[^1]: ^a,\ b^ - different letters indicate significant differences in counts/% of MRSA or MSSA, where \'a\' indicates the highest % and \'b\' the lowest %.

[^2]: McNemar test for pairwise observations.

[^3]: ^a,\ b,\ c:^ different letters indicate significant differences in counts/% of MRSA or MSSA per surface of dental medicine equipment, where \'a\' indicates the highest %, \'b\' the next % and \'c\' the lowest %.

[^4]: Bold values indicate maximum MRSA and MSSA positive values.

[^5]: Odontopediatric Clinic and Special Patients Clinic were left out of the analysis due to very low sample size of the group.

[^6]: ^a,\ b,\ c^: different letters indicate significant differences in counts/% of MRSA or MSSA per surface of dental medicine equipment, where \'a\' indicates the highest %, \'b\' the next % and \'c\' the lowest %.

[^7]: Bold values indicate highest MRSA and MSSA positive values without significant differences.
